Stationary and nonstationary, in particular, chaotic states in long Josephson junctions are investigated. Bifurcation lines on the parametric bias currentexternal magnetic field plane are calculated. The chaos strip along the bifurcation line is observed. It is shown that transitions between stationary states are the transitions from metastable to stable states and that the thermodynamical Gibbs potential of these stable states may be larger than for some metastable states. The definition of a dynamical critical magnetic field characterizing the stability of the stationary states is given. 74.50+r, 05.45.+b 
INTRODUCTION
Dynamical chaos in long Josephson junctions is of great interest because it can be a source of dynamical noise in devices based on them, in particular, in SQUIDs, limiting the sensitivity of these devices. Furthermore, dynamical chaos in long Josephson junctions (LJJ) is a very interesting physical phenomenon taking place in nonlinear systems in the absent of an external stochastic force. [1] [2] [3] [4] [5] [6] [7] [8] [9] Dynamical chaos in a LJJ is easily excited and therefore it may also be investigated experimentally rather easily.
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In our previous works 12, 13 we have shown that among a set of solutions of the FerrellPrange equation describing stationary states of the LJJ in an external magnetic field 14 are both stable and unstable ones. At the same time, these stationary states are asymptotic solutions of the nonstationary sine-Gordon equation and we have also shown that a selection of the stable solutions can be governed by a rapid damping in time of the initial perturbation entering into the nonstationary sine-Gordon equation through the boundary conditions.
Changing the intensity of this perturbation at fixed shape, we can obtain various stationary states for the LJJ without a bias current or three clusters of states (stationary, and time dependent regular and chaotic) in the presence of a bias current. It turned out that asymptotic states are very sensitive to an external perturbation, its value and shape define the state (stationary, regular or chaotic) to which the system will tend at t → ∞ (we have called this influence on the selection of asymptotic states of the small rapidly damping initial perturbation in time an effect of memory). The fact of coexistence of all these three characteristic asymptotic states selected only by the form of the initial perturbation seems to be astonishing. It is evidently enough that the Ferrell-Prange equation will not have solutions at a large bias current β. 
where ϕ(x) is the stationary Josephson phase variable, β is the dc bias current density normalized to the critical current j c , x is the distance along the junction normalized to the Josephson penetration length
is the London penetration length, b is the thickness of the dielectric barrier. The boundary conditions for Eq. (1) have the form
where L is the total length of the junction normalized to λ J and H 0 is the external magnetic field perpendicular to the junction and normalized toH = Φ 0 /2πλ J d.
Numerical integration of Eqs. (1)- (2) allows us to find the regions with a certain number of solutions on the parametric β − H 0 plane (Fig. 1) . It is easy to show that the set of points corresponding to the even number of solutions forms two-dimensional domains on this plane, whereas the set corresponding to the odd ones may form just one-dimensional 
where u n (x) are eigenfunctions of the Schrödinger operator of the problem:
and
where γ is the dissipative coefficient in the sine-Gordon equation. We note that values of λ coincide with corresponding values of Lyapunov exponents in the case when perturbations are considered with respect to the stationary solutions. In general case, Lyapunov exponents are calculated in the same way as in Ref. 13 . Thus, in the presence of a bias current we have the different picture of a LJJ states than at β = 0 (this case has been examined in Ref.
12). For example, at H 0 = 1.9 the increasing of β from 0 to 0.22 leads to the changing of the stationary states number 6 → 4 → 2 → 0, i.e., to a consecutive losing of the stationary solutions. Simultaneously, an increasing of the number of nonstationary states occurs that we found by directly solving the nonstationary sine-Gordon equation. We write down the thermodynamic Gibbs potential in the form
Here G is the thermodynamic Gibbs potential per unit length along an external magnetic disappears. Thus, at a field less than the critical one H c1 , the stable one-fluxon state exists.
We shall further call the minimum value of a magnetic field at given L and β, at which the stable one-fluxon state appeares for the first time and which corresponds to the local minimum of the thermodynamics Gibbs potential as the dynamical critical field H dc . It is 6 interesting that the dynamical critical field H dc makes up on the parametric plane a line that coincides with the bifurcation line BC (see Fig. 1 ). Our calculations show that the bias current increases the dynamical critical field H dc . Evidently, it is connected with a symmetry violation of a state by the bias current β. In Fig. 3 H c1 (10) = 1.28, i.e., the H c1 decreases also approaching to the value of H c1 (∞) ≃ 1.274.
III. TRANSITIONS BETWEEN STATES
As it has been shown in the previous section, every stationary state of LJJ, i.e., the The sine-Gordon equation with dissipation and bias current describing an evolution of initial state has the form:
where t is a time normalized to the inverse of the Josephson plasma frequency ω J = 2πcj c /CΦ 0 , C is the junction capacitance per unit area, γ = Φ 0 ω J /4πcRj c is the dis-sipative coefficient per unit area, R is the resistance of junction per unit area. We write down the boundary conditions for Eq. (7) in the form
The integration of Eqs. (7)- (8) local minima G l may be realized. In particular, the perturbation parameter a appears here as a "latent" parameter. It is possible, there are several "latent" parameters connecting the stationary states. One of the most important characteristics of "latent" parameters is that the stationary state does not depend on them directly; however, the form of the asymptotic state and the rate of disintegration depend essentially on them. The presence of a "latent" parameter apparently explains, a nonequivalence of the different local minima with respect to the stability, especially in the case when a stable local minimum is above of a nonstable local one. In Table I results of the integration of Eqs. (1), (2) (1)- (2) was taken as an initial condition of the sine-Gordon equations (7) and (8) . If this mth state was unstable then it fell into the nth stable state.
The scheme of the transitions between states m → n is represented in Fig. 5 . It is seen, that G m > G n for all the transitions (we note that G 3 and G 9 for the metastable states 3 8 and 9 are less than G 12 ; the state 12 is stable). The stable states -Meissner, one-fluxon, and two-fluxon -are shown in Fig. 6 at the same parameters as in Fig. 5 .
IV. CHAOS STRIP
As we noted above, a number of stationary states decreases with approaching to the bifurcation line 0 -2, but the number of nonstationary asymptotic states is increased simultaneously. Changing the perturbation parameter a we can obtain three sorts of typical states: stationary, regularly and chaotic. We have shown that disintegration of the metastable states and the transition to some stable states m → n occur for G m > G n . A metastable state corresponds to the local minimum of the Gibbs potential, and also this minimum may be lower than this one of a stable state. A nonequivalence of these local minima we explain by means of existing of a "latent" parameter not detecting in a stationary state, by which, for example, two local minima may be connected and a channel of the disintegration of the upper state may arised.
In our case the perturbation parameter plays a role of the a "latent" parameter, however, the number of these parameters may be much greater. We note the anology between the quantum transitions and the transitions mentioned above, although the system is described by the classical Ferrell-Prange and sine-Gordon equations.
We are aware that we could not touch upon all questions concerning the properties of a LJJ. We hope to return to the problems of a LJJ in our next work. 
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